authors have requested readers to note that a p-D-glutamyl residue rather than the p-LIglutamyl residue, implied in the text, was used for the calculations. The conclusions drawn in the paper are correct, since the D and L configurations of the p-glutamyl residue adopt almost identical conformations in thyrotropin releasing factor (TRF). It is possible to use the results in Tables 2-4 of the original paper to obtain the lowenergy conformations of TRF by simply reversing the sign of {,. The conformations thus obtained will not be the exact energy minima, but will represent all of the low-energy conformations closely. In order to illustrate this point, the calculations of Table 2 in the original text (for "p-D-glutamyl" TRF) were repeated using a p-L-glutamyl residue, and the minimum-energy results are given below ( Table 1 ). The dihedral angles for all conformations are essentially the same except that the sign of {l is reversed. It should be noted that the N8 conformer of structure D is now only 0.1 kcal/mol higher in energy than conformer NE of structure A. The similarity of the "p-D-glutamyl" and "p-L-glutamyl" TRF conformations suggests that the former should be active as a thyrotropin releasing factor. 
of the original paper to obtain the lowenergy conformations of TRF by simply reversing the sign of {,. The conformations thus obtained will not be the exact energy minima, but will represent all of the low-energy conformations closely. In order to illustrate this point, the calculations of Table 2 in the original text (for "p-D-glutamyl" TRF) were repeated using a p-L-glutamyl residue, and the minimum-energy results are given below ( Table 1 ). The dihedral angles for all conformations are essentially the same except that the sign of {l is reversed. It should be noted that the N8 conformer of structure D is now only 0.1 kcal/mol higher in energy than conformer NE of structure A. The similarity of the "p-D-glutamyl" and "p-L-glutamyl" TRF conformations suggests that the former should be active as a thyrotropin releasing factor. (25, 26) . There are so few examples of rapid speciation because the age of most species is very difficult to establish, not because speciation is necessarily a slow process [although some modern biologists still assume speciation to occur only over geologic time (27) ].
Correction. At the motor endplate of vertebrate skeletal muscles acetylcholine (AcCh) is known to bind specifically to receptor molecules, which logically should be in the postsynaptic membrane (1-3). The only direct determination of receptor distribution at the endplate (4, 5) and for the electroplaque (6), has been by autoradiography in the electron microscope of tissues treated with a radioactive a-neurotoxin, such as a-bungarotoxin (I3uTX), which reacts specifically and essentially irreversibly with cholinergic nicotinic receptors (7) (8) (9) (10) . Thus, an average density of 8500 AcCh receptor active centers per pgm2 of postsynaptic membrane has been determined for mouse diaphragm endplates (5) .
A knowledge of the AcCh receptor density at the muscle endplate region is needed for interpretation of the true level of AcCh sensitivity, i.e., the membrane depolarAbbreviations: AcCh, acetylcholine; BuTX, a-bungarotoxin; DFP, diisopropyl fluorophosphate. ization evoked by the reaction of a given quantity of released AcCh. Such sensitivity at the nicotinic receptor/membrane system has been estimated experimentally by microiontophoretic application of AcCh at the endplate region of innervated skeletal muscle, and also at extra-junctional regions of denervated muscle, where marked responsiveness to AcCh develops (11) (12) (13) (14) (15) . It is, however, extremely difficult to locate precisely the endplate with the conventional stereomicroscope used in the latter type of study. In contrast to the 300-800 mV/nC range of junctional AcCh sensitivities previously reported, we (17) were also taken. For studies without Nomarski optics, the muscles were prepared as described elsewhere (10, 15 In the sternomastoid muscle, only the "fast" white fibers of the muscle were selected. The micropipettes filled with 2 AM AcCh had resistances of 350-600 AMQ.
To assess the accuracy of our studies with mammalian muscles, we first compared the AcCh sensitivity of the frog muscle using these two techniques (Noinarksi and conventional stereoscopic ol)tics): we obtained results similar to (9) , were injected intravenously into animals at a supralethal dose (3 4g/g of body weight).
The muscle was washed, processed, sectioned at 100 nm, and coated with a monolayer of Ilford L-4 emulsion (5). The diameters of the muscle fibers whose AcCh sensitivity is shown in Figs. 3 and 4 were obtained after sectioning of frozen muscles. The identification of these fibers was made with the aid of a dye marker as described elsewhere (20) . After staining of the muscles for cholinesterase (21) , the overall surface area of the motor endplate and muscle fiber diameter were measured on photographic prints of stained, isolated fibers, as described by Kuno et al. (22) except that these muscles were fixed in 4% neutral formaldehyde, 16 hr, 40.
RESULTS AND DISCUSSION
Receptor Density at Postsynaptic Membranes. The techniques of electron microscope autoradiography, used in the previous study (5) of receptor distribution at mouse diaphragm endl)lates, were applied to the diaphragm muscle of another mammal phylogenetically quite distant from the mouse, namely, the American brown bat. The developed grains in the electron microscope autoradiographs were found to be associated (to the extent of 95% of all of the grains found) with the synaptic membranes and cleft (Fig. 1) . Their actual distribution was as found for the mouse diaphragm (5), and fits the theoretical curve (23) for the scatter of radiation from a radioactive line source at the postsynaptic membrane. The total number of grains associated thus with the postsynaptic membrane in the section was as 310, and the total length of the postjunctional membrane measurable in the same sections was 1700 um. From the known (interferometrically-monitored) section thickness, the total surface area of these membrane regions was at once derived. The absolute number of
[3H]BuTX molecules present was obtained from the specific activity (4.1 Ci/mmole) of the reagent, the emulsion exposure period, and the sensitivity of the emulsion batch used (5 The local density in those regions of the postsynaptic membrane closest to the axon, however, is significantly higher than the mean value cited. When a histogram is plotted of the grains lying over junctional folds of membranes of mouse diaphragm endplates against the distances from their axonal membranes ( Fig. 2A) , the grains are seen to be concentrated in the zones nearest to the axon. This effect was seen in the previous study on mouse diaphragm (see Fig. 4 of ref. 5) but was not then regarded as evidence of such nonuniformity because of the small amount of the sample in the distal zone.
However, when more such [8H]BuTX-labeled diaphragm was processed and larger numbers of grains counted, the effect became significant (Fig. 2A) . The density over the first two bin columns, contributed by grains over unfolded membrane at the top one-third of the folds, is at least four times that over the last bins, contributed largely by grains over membrane at the bottom half of the folds. We cannot specify from this histogram the form of the gradient down the fold, due to the resolution limit, but the asymmetry is clear, and is not seen at all in similar plots from [3H]DFP-labeled material. The density near the tops of the folds and in the unfolded postsynaptic membrane is estimated to be about 18,000 BuTX sites per Mm2. Evidence to support this interpretation of receptor distribution comes from recent reports on freezeetched preparations from endplates in various muscles (24, 25) . Characteristic 100 to 140-A particles, which were presumed to include receptor-ionic conductance modulator complexes, were observed on the postsynaptic membrane, and were more concentrated on the juxta-neuronal portions of the folds, their density there (about 2500 per Mm2) being roughly four times that deep in the folds. This correspondence suggests that these particles carry the BuTX-binding sites (and gives the tentative value of 6 of these per particle).
Acetylcholine Sensitivity at Endplates of Mouse Muscles. The AcCh sensitivity observed at the endplate of the diaphragm fibers of the mouse (n = 6 animals), using a conventional dissecting stereomicroscope (see Materials and Methods), ranged from 275 to 2239 mV/nC (Fig. 3A) , and for white fibers of the sternomastoid muscles from 180 to 2314 mV/nC (Fig. 3B) . The highest sensitivities were on a fiber of 22-pum diameter (diaphragm) and 43-pm (sternomastoid). A total of 600 surface fibers was investigated with the stereomicroscope in six diaphragm and six sternomastoid muscles, and only on three or four occasions were values > 2000 mV/nC obtained. The smallest rise time of the AcCh potential of the surface fibers of the diaphragm muscles was 2.18 msec and for the sternomastoid muscles was 2.59 msec. Locating high AcCh sensitivity regions was much easier with visualization of endplates by Nomarski optics (Fig. 4) , so that 26 of the 200 sternomastoid fibers studied in six muscles then showed values in the range 2010-4730 mV/nC (Table 1) . For the smaller fibers present in the mouse diaphragm, location was much more difficult, and only four fibers out of 80 showed AcCh sensitivity > 2000 mV/nC (Fig. 4 The area determinations, to obtain these densities, were made using a uniform grid of points. Only points and grains that lay over the folds were considered.
A total of 510 grains and 1400 grid points were used. Distances, in half-distance (HD) units [a unit of resolution (23) (see Fig. 2B ) was 1255 ± 347 pm2 (± SD) and the mean fiber diameter was 39.9 + 6.7 pAm. For four diaphragm muscles, the mean endplate area of 90 fibers was 392 i 110 ,um2, and fiber diameter was 20.7 + 4.2 pm. A plot of muscle fiber diameter versus endplate area revealed a positive correlation which was highly significant in the diaphragm muscle (P < 0.001), but not significant (P > 0.5) in the sternomastoid muscle (Fig.   2B ). (Table 1) , the total number of such sites at the endplate (= density X postsynaptic surface area) varies considerably between muscle fiber types. These total numbers are obtained (7) absolute terms by (-track counting (26) . This provides an internal standard for each endplate, irrespective of the identity of the sites reacting with DFP. The ratio of [3H]DFP-reactive sites to [3H]BuTX-binding sites at these endplate types has been found to be 1.0 in each case (4, 7) , so that the absolute number of DFP-reactive sites at that type of endplate (19) immediately discloses the number of BuTXbinding sites there (Table 1 , column 3). This comparative method does not rely upon the assumption that the DFPreactive and BuTX-binding sites are at the same location, since only the overall number per endplate is involved in each case. In fact, however, the topography of the [3H]-BuTX-binding sites ( Fig. 2A) is rather different from that (23) of the [3H]DFP-reactive sites, the latter being spread more widely over the folds and cleft than the former.
It has been shown in mammalian muscles that binding of [8H]BuTX at the endplate occurs at two types of sites (9, 10, 27) . One-half of the binding sites have the properties of the AcCh receptor, having a high affinity for d-tubocurarine and losing all response to AcCh upon treatment with BuTX. The other half do not have the properties just cited, and are thought likely to be on the ionic conductance modulator component of the receptor system (9, 28, 29) . The numbers of
[8H]BuTX-binding sites listed in Table 1 (Table 1 ). The total number of receptors increases with the diameter of the fiber in a given muscle type (5, 19) , but the high values of AcCh sensitivity obtained were seen indiscriminately on both large and small fibers. We conclude that AcCh sensitivity is determined by the local density of the receptors and not by their total population at the endplate. This seems reasonable, since a radial front of AcCh flux that is small compared to the overall dimensions (Fig. 2B ) of the endplate must give rise to the maximum potentials registered; the short rise time indicates that the pipette is then a very few ,m from the postsynaptic membrane. Hence, the probability of collisions of AcCh molecules with receptors during the rise time is obviously determined by the local density of receptors that is encountered, and the AcCh concentration is presumed to be depleted rapidly by receptor binding (compare ref. 30 ). The same should occur with natural quanta.
Cholinergic nerve endings that release very small numbers of quanta per impulse (e.g., 1-15 quanta in spinal motoneurons) have very much smaller terminal areas, suggesting that the area of the postsynaptic membrane is adapted to the number of quanta needed for synaptic function. This would be the case if the average surface density of AcCh receptors is always constant, as in all the neuromuscular junctions investigated thus far. There is no necessity, however, for the postsynaptic membrane area to be correlated in a simple manner with the gross projected area of the endplate. The latter has been correlated with the muscle fiber diameter (22) , but with a considerable amount of scatter; there is no correlation in the mouse sternomastoid (Fig. 2B) . The anatomical details of the insertion of the nerve endings on the muscle vary between red and white fiber types, and between species, so that the gross projected area of the endplate need not show a simple relationship to the other parameters considered here.
For comparison, we can estimate the value of the sensitivity to AcCh released neurally. About 1.5 X 104 molecules of AcCh are released for a miniature endplate potential of 0.5 mV, at the endplate of the rat diaphragm muscle at 200 (31) . With an AcCh micropipette of the size we have used, a calibration (18) with [3H]AcCh (but using charges > 2 1C) has shown that roughly 2 X 109 molecules of AcCh are actually released per nC of charge passed. Hence, there is an intrinsic sensitivity of about 50,000-60,000 mV/nC for AcCh packets of quantal size. The difference between this latter intrinsic sensitivity and that of about 4000 mV/nC to externally applied AcCh means that a quantal efficiency of only about 8% is attained in the latter case, a value which may need a small upward correction, since for the very small charges used here, the current loss will give a proportionately greater error than in the calibration experiments, where it was negligible (18) . The results suggest, therefore, that roughly 90% of the AcCh molecules escape elsewhere into the medium even during the most efficient release from the micropipette directly over the endplate.
We must note here (i) that the maximum value for the microiontophoretic AcCh sensitivity reached a limit that was not exceeded as the pipette was placed nearer to the endplate, even when the rise time of the potential was of the same order as that of the miniature endplate potential rise time; (ii) the latency was < 120,usec, this being of the same order of magnitude as the calculated maximum diffusion time for neurally released transmitter in the cleft (1, 32); (iii) Peper and McMahan (16) have reported that removal of the nerve terminal from a frog endplate, which exposes a large area of postsynaptic membrane, does not increase the sensitivity or decrease the rise time of an AcCh potential. Diffusion barriers to externally applied AcCh can, of course, often be present over the endplate. The limited external opening of the cleft, or an obstruction by a Schwann cell (16) , can account for the many low values recorded focally, but when the maximum sensitivity is recorded we conclude that fortunate positioning has probably avoided such obstacles. In these cases, then, the the only geometric contribution to the large inefficiency noted can be the escape of the AcCh molecules that are not in that sector of the radial diffusion wave that impinges on the endplate. Estimates of this effect have been given by others (33, 34) , and since, in our case, the source radius is of the same order as, or smaller than, the diameter of the sensitive area affected, it is uncertain whether or not this geometric factor would account for the entire loss of about 90% in efficiency. The possibility that there is some contribution by an additional component that renders receptor activation by AcCh of vesicular origin more efficient cannot be excluded at this time.
Relationship of AcCh Receptors to Ionic Conductance Modulator Sites. On a simple diffusion model, the AcCh molecules in a single quantal packet when released into the cleft should reach a concentration of about 10 MM at i-Mm radius from the origin in 0.3 msec (32) . Since this interval is the rise time of the unit miniature endplate current (33, 35, 36) , we define thus the zone of effectiveness of one quantum, at least as a minimum. This is a patch of about 3 ,im2 of postsynaptic membrane. The maximum effect produced there is a conductance change of about 2 X 10-7 mho, as estimated (35) The membrane patch involved would have a high probability of being in the zone closer to the axon, and would, taking the values above [and the observed asymmetry ( Fig. 2A) ], contain at least 30,000 true functional centers of the AcCh receptor (i.e., 60,000 BuTX-binding sites). Only 10,000-20,000 AcCh molecules are released; some of these are lost by prior hydrolysis and not more than 70% of those surviving become, according to the recent evidence of Katz and AMiledi (38) , receptor-bound. These available receptor sites, therefore, cannot be saturated by the transmitter. Nevertheless, recent data on the AcCh receptor blockade/response relationship at the endplate (39) show that only about 25% of the entire number of functional receptor centers can be removed without diminishing the response to neurally-released AcCh. Since about 6000 channels are opened, these values indicate that there are one, or at the most two, AcCh-activated receptor sites per available ion channel.
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